According to NISHIYAMA1), the vascular body, one of the accessory reproductive organs of the cock, is small red paired lymphnodes located in the cloacal musculature. When a cock is sexually excited by abdominal massage or copulation, lymph is generated in the tissue of the vascular body and flows into the lymph-folds and copulatory organ through lymph sinuses, causing erection of the copulatory organ and temporary swelling of the lymph-folds. The lymph is in turn expelled from the lymph-folds. This expelled lymph composes the main part of the transparent fluid or accessory reproductive fluid which is added to the semen ejaculated from the vasa deferentia during sexual excitement. When ejaculation is completed, the lymph remaining in the copulatory organ and the lymph-folds returns through the same passages to the vascular bodies and finally runs into the lymphatic vessels lying along the arteria pudendal interna. The copulatory organ then retracts to its original condition and the ejection of the transparent fluid ceases. Hence, the erection of the copulatory organs is caused by lymph, as in the drake, and the transparent fluid is ejected simultaneously with the erection.
2. Volume and characteristics of transparent fluid.
Paper absorption method:
Ten weighing bottles containing a small piece of filter paper each were weighed with a chemical balance.
Electrical stimulations was given to a cock after its cloaca was treated as described above. Left-a dorsal view of the cloaca. Right-the cloacal mucous membrane and part of the cloacal sphincter were removed to show the vascular body, vas deferens, ureter, and A. pudenda interna.
I, the first, II, the second, and III, the third fold of the cloaca; C, coprodeum; U, urodeum; P, proctodeum; a, A. pudendalis interna; c, connecting portion; g, vascular body; I, lymph-fold; m, M. retractor penis anterior; m', M. retractor penis posterior; r, round fold; u, ureter; u', opening of the ureter; v, vas deferens; v', papillary process of the vas deferens; w, white body; r+w+r=copulatory organ (phallus); g+c+l=accessory reproductive organs.
All transparent fluid ejected from the lymph-folds was absorbed with the weighed filter paper for 10 to 12 seconds from the beginning of each stimulation . The paper was returned to the weighing bottle as quickly as possible , which was stoppered tightly.
Electrical stimulation, absorption of the fluid with new filter paper , and returning the paper to the weighing bottle were repeated 10 times for each bird . Each of the weighing bottles was then weighed, and the differennce in weight before and after absorption was taken for the weight of transparent fluid ejected after each stimulation . (This technique is called the paper absorption method for convenience's sake.)
On the other hand, a cock was stimulated 10 times electrically and the ejected transparent fluid collected in a watch glass containing a small quantity of sodium citrate . Characteristics of transparent fluid: The pH of the transparent fluid which had been collected from 4 different cocks by the watch-glass method was determined with a glass-electrode pH meter. In this case, however, sodium citrate was not added.
For aldose detection, the transparent fluid ejected by electrical stimulation was absorbed, with a small piece of filter paper, directly from a lymph-fold, without being contaminated by blood. The chromatograph was examined was examined by the same method as reported by LAKE3) and scored with the numerals 0 to 3 according to NISHIYAMA6).
Excision of the vascular body.
A cock was fastened on a board on his side. An incision was made on one side of the cloaca, and the opening extended until it reached a small body enclosed by connective tissue, i.e., the vascular body. The connective tissue which enclosed the vascular body was torn off with a knife and forceps. Then, the A. pudendal interna was ligated, if possible. The vascular body was held tightly with a pair of Pean forceps, cut out by scissors, and the wound was closed. If the A. pudenda interna was not ligated, copious bleeding followed excision of the vascular body. In such case, a piece of Spongel, a proprietary absorbable hemostatic material, was inserted into the wound, which was closed as soon as possible. The vascular body on the other side was excised in the same manner. After the wound had healed, i.e., 10 to 15 days after the operation, the cock was stimulated electrically so that the ejection of transparent fluid might be observed by the same method as described for intact birds (Plate
1-7 and 8).
In all the cases, the cocks were killed after the experiments had ended, and their testes and vascular bodies were weighed with a chemical and a torsion balance, respectively. In addition, the volume and density of the semen contained in the vasa deferentia and red cells were determined by the routine methods.
Direct observation of the vascular body.
By an operative method similar to that used for excision, the small, red vascular body was located through the wound. Then the outer side of the tissue of "Lymphbildungsraum"
(the connective tissue enclosing the vascular body) was removed carefully as much as possible.
Then the operated cock was stimulated electrically and the ejection of lymph from the body itself was observed directly. The maximum erection and ejection were usually observed between the 3rd and 6th stimulation. When the papillary processes of the vasa deferentia were not ligated, semen was usually ejaculated between the 1st and 4th stimulation.
The size of the copulatory organ after the experiment (after the 10th stimulation) was larger than its original size (before stimulation). It was assumed that this difference in size was due to retention of the transparent fluid, since the copulatory organ did not change its size even after removed from the body, and was found to contain no blood but transparent fluid at autopsy.
Engorgement of the cloaca and swelling of the second fold were also observed at the time of stimulation. The former increased gradually through the period of stimulation and the latter remained even after the end of stimulation.
A little secretion was observed in the region of the second fold of the cloaca following the electrical stimulation, but it was negligible as compared with the amount of transparent fluid ejected from the lymph-folds.
Volume of transparent fluid.
The fluid ejected from the lymph-folds by electrical stimulation was transparent and watery in appearance, but contained a little blood. Correction was made, therefore , for the blood contained, and the net amounts of the fluid ejected were estimated as shown in Table 1 .
The weight of the ejected transparent fluid determined by the paper absorption method where Y is the weight of the ejected fluid and X, the number of stimulations . The regression curve shows a maximum value at X=6.57 . Thus, it may be said that the weight of the ejected fluid was rather small on the 1st and 2nd stimulation , but increased thereafter showing a peak on the 6th to 7th stimulation. Table 2 . pH and aldose score of transparent fluid and whole blood or blood serum. (Fig. 3) .
The average pH value of the ejected fluid was 8.5 and was higher than that of blood, pH7.8. Chromatography of the fluid for aldose detection showed that an aldose, presumably blood glucose, was present in the fluid at the same level as in blood serum (Table 2) . Contrary to expectation, outflow of lymph from the vascular body was begun not simultaneously with stimulation but about 4 seconds after the stimulation ended, and continued for 2 to 3 seconds. The anus was closed tightly at stimulation but opened after the stimulation ended, when the erected copulatory organ could be observed. The degree of erection was not so high as that observed following abdominal massage.
5. Histological observation on the cloacal mucosa of the cock.
The histological appearance of the cloacal mucosa was almost identical to that reported by MASUI et al7)., HASHIMOTO and MOTOOKA8), and MASUI9) and NISHIYAMA1). However, a few additional findings were made: Goblet cells were found in the second fold of the cloaca in large numbers, as stated by LAKE4). They were not limited, however, to this fold and were seen also in the mucosa of the lymph-fold, rectum (coprodeum), and urodeum. HERBST'S corpuscles were found in the copulatory organ, as described by HASHIMOTO and MOTOOKA8), and were seen also in the submucosal coat of the lymph-fold, the second fold of the cloaca, and the proctodeum (Plate II). mg. The ability of the cock was considered, however, to be lower than that of the drake, since MULLER10) reported that the amount of lymph produced in the drake reached 14ml per minutes during electrical stimulation.
Some of the cocks used had very small testes and small vascular bodies, possibly because the experiment was performed in autumn and because the vacular body was under the control of androgen1). As these cocks ejected small amounts of fluid, it is not surprising to find that the amount of the fluid ejected was correlated significantly to the weight of the testes and also to the weight of the vascular bodies.
From the evidence that (1) the transparent fluid ejected during electrical stimulation had come almost entirely from the lymph-folds, that (2) the ejection occurred at the time of erection of the copulatory organ, and that (3) in a cock with its vascular bodies excised, stimulation caused engorgement of the cloacal region but not ejection of transparent fluid, it seems probable that the fluid is not expelled by engorgement of the cloacal region, as was reported by LAKE2)3), but is ejected by the mechanism mentioned before1) (see the introduction of this paper).
As for the erection of the copulatory organ, it may be reasonable to consider for the following reasons that the erection is caused by the inflow of lymph which has been generated in the vascular bodies: (1) The fluid flowing into the copulatory organ at the time of erection was transparent and watery12). (2) In a cock with its vascular bodies excised, no erection of the copulatory organ followed electrical stimulation . (3) It was proved histologically that lymph sinuses were present in the tissue of the submucosal coat of the copulatory organ and that these sinuses were connected with those of the lymph-folds and of the vascular bodies (NISHIYAMA13) and this experiment).
On the other hand, it may be necessary to make some correction in the assumption regarding the function of the "Lymphbildungsraum," or the peripheral lymph sinuses , of the varcular body14). From the results of this experiments , it seems probable that the "Lymphbildungsraum" is useful for catching or receiving the lymph returning from the copulatory organ and the lymph-fold to the vascular body in the process of retraction .
In brief, the results of this experiment support the conclusions of NISHIYAMA1) concerning the mechanism of erection of the copulatory organ and the ejection of transparent fluid, but differ slightly from those given by the same author with regard to some functions of the "Lymphbildungsraum ."
In the cloacal mucosa, secretory cells and goblet cells were found, but the secretion from these cells appeared to be negligible in comparison with the amount of transparent fluid ejected.
SUMMARY
In order to clarify the function of the vascular body and determine the part of the cloaca from which the transparent fluid is ejected, the cloaca was opened in cocks with their vascular bodies excised and intact cocks so that all parts of the cloaca might be exposed for direct observation while the birds were under electric stimulation.
The results obtained are as follows. Figs. 5 to 8. Goblet cells in the epithelia of the coprodeum (5), second fold of the cloaca (6), lymph-fold (7), and urodeum (8) .
